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TITLE 

PROCESS FOR JOINING GAS DIFFUSION LAYER TO FLOW FIELD 

PLATE IN A FUEL CELL 
FIELD OF THE INVENTION 
5 The Invention relates to a process for joining gas diffusion layers to 

flow field plates in a fuel cell, and in particular to a process for joining gas 
diffusion layers to flow field plates in a fuel cell using resistance welding. 
BACKGROUND OF THE INVENTION 
Polymer electrolyte membrane fuel cells (PEMFC) comprise a 
10 membrane electrode assembly (MEA) disposed between two separator 
plates commonly known as flow field plates. Within the MEA lies a 
catalyst-coated membrane that lies between a pair of fluid distribution 
layers, commonly referred to as gas diffusion layers (GDL). The catalyst- 
coated membrane comprises an ion exchange membrane coated by two 
15 catalyst layers. The catalyst-coated membrane is placed between the two 
GDL and is compressed to form the MEA. 

The GDL are made of porous, electrically conductive material, such 
as carbon cloth or carbon paper. The GDL provide uniform fuel and 
oxidant distribution to the catalyst-coated membrane and facilitates the 
20 transport of water from the catalyst layers. The GDL also provides 
electrical contact between the Catalyst layers and flow field plates. 
, The morphology, composition, porosity, tortuosity and thickness of 

the GDL impact the overall performance of the fuel cell under different 
operational conditions. The nature and extent of contact between the GDL 
25 and the flow field plates significantly contributes to the conductivity of the 
fuel cell. Close contact between the GDL and flow field plates results in 
optimum conductivity by decreasing the resistive loss between the GDL 
and flow field plates. 

A fuel cell typically functions as a series of connected fuel cells. 
30 called a fuel cell stack. In the fuel cell stack, the stack compression force 
controls the nature and extent of contact between the GDL and flow field 
plates. While a high stack compression force may provide good contact 
between the GDL and flow field plates, it often causes local damage to the 
structure of the GDL. A high stack compression force can also changes 
35 the morphology of the porous GDL and impede the flow of oxidant and fuel 
to the catalyst layers. This impediment can lead to starvation at the 
reactive sites on the catalyst layers and a resultant decrease in the 
performance of the fuel cell. 
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In addition, the uneven flatness of the flow field plates as well as the 
uneven landing surfaces of the flow field channels may cause uneven 
contact across the GDL. This uneven contact results in disruption of the 
conductivity between the GDL and flow field plates. It can also result in 
5 localized deformation of the GDL 

Attempts have been made to increase the contact area between the 
GDL and landing surfaces of the flow field plates. One proposed method 
is to roughen the landing surfaces of the flow field plates to increase the 
overall area of contact and facilitate penetration of the roughened areas 
10 into the pores of the GDL. However, the effect of this process is largely 
dependent on the compression force applied to the stack and therefore 
provides very little advantage over a non-roughened landing surface. 

There, therefore, remains a need to provide a process for improving 
the nature and extent of contact between the GDL and flow field plates 
15 v while not increasing the stack compression force of the fuel cell stack. 

SUMMARY OF THE INVENTION 
The present invention provides a process for joining the GDL to flow 
field plates in the fuel cell. 

According to one aspect of the invention there is provided a process 
20 for joining a gas diffusion layer to a flow field plate of a fuel cell said flow 
field plate comprising a polymer/graphite composition and having at least 
one landing surface, wherein said process comprises the step of welding 
the landing surface to the gas diffusion layer. 

In a second aspect, the present invention provides a fuel cell 
25 component comprising a gas diffusion layer welded to a flow field plate, 
wherein the flow field plate comprises a polymer/graphite composition and 
at least one landing surface, and wherein a portion of the polymer on the 
landing surface is impregnated within the gas diffusion layer. 

In one embodiment of the invention resistance, welding is used to 
30 join the GDL to the flow field pate. 

In another aspect of the invention, a fuel cell is prepared by the 
process of the present invention, in which the GDL of the fuel cell are 
joined to the flow field plates. 

The preferred embodiments of the present invention can provide 
35 many advantages. For example, the process of the present invention 
improves the contact between the GDL and landing surfaces of the flow 
field plates and provides uniform conductivity across the MEA and flow 
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field plates. It results in negligible resistive loss between the GDL and flow 
field plates leading to better performance of the fuel cell stack. 

Numerous other objectives, advantages and features of the process 
will also become apparent to the person skilled in the art upon reading the 
detailed description of the preferred embodiments, the examples and the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The preferred embodiments of the present invention will be 
described with reference to the accompanying drawings in which like 
numerals refer to the same parts in the several views and in which: 

Figure la is an exploded perspective view of a typical polymer 
electrolyte membrane fuel cell; 

Figure 1b is an exploded perspective view of a typical polymer 
electrolyte membrane fuel cell as part of a fuel cell stack; 

Figure 2a is a partial side perspective view of a flow field plate and 
gas diffusion layer; 

Figure 2b is a close up view of flow field channels and landing 
surfaces on a flow field plate; and 

Figure 3 is a schematic drawing of a weld created between a flow 
field plate and a gas diffusion layer in accordance with a preferred . 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiments of the present invention will now be 
described with reference to the accompanying figures. 

The present invention provides a process for improving the 
electrical contact between the GDL and the flow field plates of a fuel cell 
within a fuel cell stack without increasing the stack compression force. 

As shown in Figure 1, a typical polymer electrolyte membrane fuel 
cell comprises a MEA disposed between two flow field plates 5. The MEA 
includes a catalyst-coated membrane 10 disposed between two gas 
diffusion layers (GDL) 15. The GDL 15 are adjacent to flow field plates 5 t 
which form the outer layers of the fuel cell. 

The flow field plates 5 comprise at least one flow field channel 20, 
which allows gas or liquid to flow to and from the fuel cell. The flow field 
plates 5 typically carry either fuel or oxidant depending on the design of 
the fuel cell or fuel cell stack. 

In a preferred embodiment, the present invention provides a 
process for joining the GDL 15 to the flow field plates 5 of a fuel cell by 
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partially impregnating the composite plate material of the flow field plate 5 
into the pores of the GDL 1 5. 

Impregnation of the composite material of the flow field plate 5 is 
facilitated by the configuration and composition of the flow field plates 5. 
As shown in Figures 2a and 2b, the flow field channels 20 are configured 
with landing surfaces 25, which are raised surfaces that form the top 
barrier walls of the flow field channels 20. The dimension of the landing 
surfaces 25 may vary according to the fuel cell design. In a preferred 
embodiment, the width and height of the landing surfaces 25 are from 
0.5 mm to 2.5 mm, preferably from 0.8 mm to 1 .5 mm. 

The flow field plates 5 are generally molded from a composition 
comprising graphite fiber, polymer and graphite powder. The polymer can 
be any thermoplastic polymer or any other polymer having characteristics 
similar to a thermoplastic polymer. Preferably the polymer is an aromatic 
polyester resin such as that available from E.I. du Pont de Nemours and 
Company under the trademark ZENITE®. The graphite fiber is preferably 
a pitch-based graphite fiber having a fiber length distribution range from 15 
to 500 urn, a fiber diameter of 8 to 15 urn, bulk density of 0.3 to 0.5 g/cm 3 
and a real density of 2.0 to 2.2 g/cm 3 . The graphite powder is preferably a 
synthetic graphite powder with a particle size distribution range of 20 to 
1500 urn, a surface area of 2 to 3 m 2 /g, bulk density of 0.5 to 0.7 g/cm 3 
and real density of 2.0 to 2.2 g/cm 3 . Further detail regarding the 
composition of the flow field plates 5 is described in U.S. Patent 
No. 6,379,795 B1 , which is herein incorporated by reference. 

To join the GDL 15 to the flow field plates 5, the GDL 15 is welded 
to the landing surfaces 25 using resistance welding. The general process 
for resistance welding is set out in U.S. Patent No. 4,673,450 to Burke, 
which is hereby incorporated by reference. However, its application to fuel 
cells has not yet been explored. 

With the resistance welding process, an alternating or direct 
electrical current is used to create welds between the landing surfaces 25 
and the GDL 15. The electrical current is passed between the GDL 15 
and flow field plates 5 bringing the landing surfaces 25 and GDL 15 closer 
together so that they are in close proximity. Pressure may also be applied 
to the GDL 1 5 and flow field plates 5 at the outset of the welding process 
to keep the GDL 15 and flow field plates 5 together. During the resistive 
welding process, a constant pressure is also applied to the GDL 15 to hold 
the GDL 15 against the landing surfaces 25. 
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As the electrical current flows through the flow field plates 5 and 
GDL 15, the contact areas between the GDL 15 and landing surfaces 25 
experiences a relatively higher resistance than the independent GDL 15 
and landing surfaces 25, resulting in the production of localized heat at the 
5 contact areas. This localized heat melts the polymer component of the 
landing surfaces 25 and allows the graphite fiber and graphite powder 
components of the landing surface 25 to establish direct contact with the 
carbon matrix of the GDL 15, thereby creating a contact region. At this 
point, the flow of electrical current is stopped, thus also stopping the 
io production of localized heat. As pressure continues to be applied against 
the GDL 15 and landing surfaces 25, the molten polymer component of the 
landing surfaces 25 impregnates into the pores of the GDL 15. With 
continued pressure the molten polymer component of the landing surfaces 
25 solidifies into the pores of the GDL 15 and around the contact region, 
15 thereby fusing the GDL 1 5 to the flow field plates 5 at the landing surfaces 
25. Localized heat production stops when the electrical current is 
withdrawn and the temperature of the flow field plates 5 drops quickly to a 
temperature well below the glass transition temperature of the polymer 
(about 220 °C). As a result, the fused area between the landing surfaces 
20 25 and GDL 15 forms a permanent weld 40 (see Figure 3). 

The electrical current can be applied directly to the flow field plates 
5 and GDL 15 using electrodes. The amperage, voltage, design pressure 
and span of electrical current flow will vary depending on the surface area 
of the landing surfaces 25, the size of the pores of the GDL 15 and the 
25 degree of melting at the landing surface 25. However, in a preferred 
embodiment, the applied electrical current is between about 
0.1 amperes/mm 2 and about 3 amperes/mm 2 , preferably between about 
0.8 and about 1.1 amperes/mm 2 and its voltage is between about 1 and 
about 10 volts, preferably between about 3 and about 5 volts. The 
30 resistance welding process spans between about 1 and about 10 seconds, 
preferably between about 3 and about 4 seconds and the applied pressure 
is between about 1 and about 10 psig, preferably between about 3 and 
about4psig. 

It will be apparent to those skilled in the art that other welding 
35 techniques such as vibration welding, ultrasonic welding, laser welding, 
heat lamination, or hot bonding techniques may also be used within the 
scope of the invention. 



5 



The process for joining the GDL 15 to the flow field plates 5 can be 
used to create a fuel cell that include GDL 15 permanently fused to the 
flow field plates 5 within the fuel cell. This fuel cell design will have 
significant advantages such as improved efficiency and decreased 
production time. 

The following examples illustrate the various advantages of the 
preferred method of the present invention. 

EXAMPLES: 

Example 1 

A composite plate comprising 25% Zenite® 800, 55% Thermocarb® 
graphite powder and 20% graphite fiber was welded to a gas diffusion 
layer comprising porous E-Tek® carbon cloth. The landing surface of the 
plate had a length of 60 mm, a width of 20 mm and a thickness of 4 mm. 

A jig 'was fabricated specifically to apply a direct current mediated 
by two electrodes directly to the composite plate and gas diffusion layer. A 
welding machine was used as a power source. The jig also applied and 
controlled the pressure on the composite plate and gas diffusion layer. A 
gas cylinder was used as the pressure source. The composite plate and 
the gas diffusion layer were placed in the jig (for Butt welding position) and 
a 90-ampere (90 A) current was passed through the composite plate and 
gas diffusion layer for 3.5 seconds. A pressure of 3.5 psig was applied to 
hold the gas diffusion layer against the landing surfaces of the plate. 

Gas diffusion layers comprising different surface morphology and 
pore structure required different welding conditions. GDL-1 comprises a 
weaved carbon cloth material and has a regular metric structure. GDL-2 
comprises a non-weaved carbon cloth material. It has an irregular surface 
porosity. GDL-3 comprises a small porous structure and has increased 
rigidity when compared with GDL-1 and GDL-2. In each case7welding of 
the gas diffusion layer to the landing surface was achieved. Table 1 
compares the variation in welding conditions for three different gas 
diffusion layers. 
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Table 1: Welding Parameters 



Welding 
Parameters 



GDL-1 



GDL-2 



GDL-3 



Pressure (psig) 



Weld Time (s) 



Current (amp) 



3.0 



70 



3 



3.5 




Although the present invention has been shown and described with 
5 respect to its preferred embodiments and in the examples, it will be 
understood by those skilled in the art that other changes, modifications, 
additions and omissions may be made without departing from the 
substance and the scope of the present invention as defined by the 
attached claims. 
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CLAIMS 

What is claimed is: 

1 . A process for joining a gas diffusion layer to a flow field plate of 
a fuel cell said flow field plate comprising a polymer/graphite composition 

5 and having at least one landing surface, wherein said process comprises 
the step of welding the landing surface to the gas diffusion layer. 

2. The process of Claim 1 wherein the landing surface is welded to 
the gas diffusion layer using resistance welding. 

3. The process of Claim 2 wherein resistance welding comprises 

io the steps of: 

(a) placing the landing surface in contact with the gas 

diffusion layer; 

(b) applying an electrical current between the gas diffusion 
layer and the. flow field plate to produce localized heat at 

15 the landing surface sufficient to melt the polymer in the 

landing surface and produce molten polymer; and 

(c) ceasing to apply the current and applying pressure to the 
landing surface and gas diffusion layer to create a weld 
between the gas diffusion layer and the landing surface by 

20 allowing the molten polymer to cool and solidify. 

4. The process of Claim 3 wherein the electrical current is 
between about 0.1 amperes/mm2 and about 3 amperes/mm2, preferably 
between about 0.8 and about 1.1 amperes/mm2 and its voltage is between 
about 1 and about 10 volts, preferably between about 3 and about 5 volts 

25 and the electrical current is applied over about 1 to about 1 0 seconds, 
preferably over about 3 to about 4 seconds. 

5. The process of Claims 3 or 4 wherein the applied pressure is 

between about 1 and about 10 psig, preferably between about 3 and about 
* 4 psig. 

30 6. The process of Claim 1 wherein the landing surface is welded to 

the gas diffusion layer using a technique selected form resistance welding, 
vibration welding, ultrasonic welding, laser welding, heat lamination, and 
hot bonding. 

7. The process of any one of Claims 1 to 6, wherein the 
35 polymer/graphite composition of the flow field plate comprises graphite 
filler, polymer and graphite powder. 
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8. A fuel cell comprising a gas diffusion layer and a flow field plate, 
wherein the gas diffusion layer is welded to the flow field plate using the 
process of any one of claims 1 to 7. 

9. A fuel cell component comprising a gas diffusion layer welded 
to a flow field plate, wherein the flow field plate comprises a 
polymer/graphite composition and at least one landing surface, and 
wherein a portion of the polymer on the landing surface is impregnated 
within the gas diffusion layer. 

10. The fuel cell component of Claim 9, wherein the portion of 
polymer on the landing surface is impregnated within the gas diffusion 
layer by welding the landing surface to the gas diffusion layer. 

1 1 . The fuel cell component of Claim 10, wherein welding is 
achieved by resistance welding. 

1 2. The fuel cell component of Claim 1 1 , wherein resistance 
welding comprises the steps of: 

(a) placing the landing surface in contact with the gas 
diffusion layer; 

(b) applying an electrical current between the gas diffusion 
layer and the flow field plate to produce localized heat at 
the landing surface sufficient to melt the polymer in the 
landing surface and produce molten polymer; and 

(c) ceasing to apply the current and applying pressure to the 
landing surface and gas diffusion layer to create a weld 
between the gas diffusion layer and the landing surface by 
allowing the molten polymer to cool and solidify. 

1 3. The fuel cell component of Claim 12 wherein the electrical 
current is between about 0.1 amperes/mm2 and about 3 amperes/mm2, 
preferably between about 0.8 and about 1.1 amperes/mm2 and its voltage 
is between about 1 and about 10 volts, preferably between about 3 and 
about 5 volts and the electrical current is applied over about 1 to about 

10 seconds, preferably over about 3 to about 4 seconds. 

1 4. The fuel cell component of Claim 1 3 wherein the applied 
pressure is between about 1 and about 10 psig, preferably between about 
3 and about 4 psig. 

1 5. The fuel cell component of Claim 10 wherein the landing 
surface is welded to the gas diffusion layer using a technique selected 
form resistance welding, vibration welding, ultrasonic welding, laser 
welding, heat lamination, and hot bonding. 
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16. The fuel cell component of any of Claims 9 to 1 5, wherein the 
polymer/graphite composition of the flow field plate comprises graphite 
filler, polymer and graphite powder. 

17. A fuel cell stack comprising a plurality of the fuel cells of 

Claim 8. 

18. A fuel cell stack comprising a plurality of the fuel cell 
components of any of Claims 9 to 16. 
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TITLE 

PROCESS FOR JOINING GAS DIFFUSION LAYER TO FLOW FIELD 

PLATE IN A FUEL CELL 
ABSTRACT 

5 There is provided a process for joining the gas diffusion layer to a 

flow field plate in a fuel cell. The process comprises the step of welding 
the landing surface of the flow field plate to the gas diffusion layer using 
resistance welding. 
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